Background: Sleep problems are common among university students. Poor sleep is associated with impaired daily functioning, increased risk of psychiatric symptoms, and somatic complaints such as pain. Previous results suggest that poor sleep exacerbates pain, which in turn negatively affects sleep. The purpose of the present study was to determine prevalence rates, comorbidity, and role of depression as a factor of moderating the relationship between sleep and physical complaints in German university students. Samples and methods: In total, 2443 German university students (65% women) completed a web survey. Self-report measures included the Pittsburg Sleep Quality Index, three modules of the Patient Health Questionnaire, and a questionnaire on the functional somatic syndromes (FSSs). Results: More than one-third (36.9%) reported poor sleep as assessed by the Pittsburgh Sleep Quality Index. Somatoform syndrome was identified in 23.5%, and the prevalence of any FSS was 12.8%. Self-reported sleep quality, sleep onset latency, sleep disturbances, use of sleep medications, and daytime dysfunctioning were significant predictors of somatoform syndrome, whereas sleep efficiency and sleep duration influenced somatic complaints indirectly. Moderate correlations were found between stress, anxiety, somatoform syndrome, depression, and overall sleep quality. The effect of somatic complaints on sleep quality was associated with the severity of depression. Anxiety shows direct effects on somatization and depression but only indirect associations with sleep quality.
Introduction

Prevalence of somatic complaints in university students
Physical complaints are highly prevalent in university students. 1 Somatoform syndromes with a rate of 9.1% are among the most frequently observed syndromes in a student sample when screening for various psychological symptoms according to Diagnostic and Statistical Manual of Mental Disorders-fourth edition (DSM-IV) in self-report questionnaires. 2 In another study, 9.5% of students were found to have at least one functional somatic syndrome (FSS), with a female preponderance. 3 The prevalence rates range from 0.1% for globus pharyngis and chronic low back pain (CLBP) up to 1.9% for functional dyspepsia (FD) in the student sample. Students with at least one FSS were more frequently affected by mental disorders, such as somatoform syndrome, major depressive disorder, or anxiety disorder, than non-affected. These findings are particularly relevant, since they indicate that FSS was found in approximately one of ten students.
In addition to somatic complaints, sleep problems impact the physical and mental health of the students and their daytime functioning. Sleep patterns change considerably from secondary school to university because of alterations in external time triggers, such as class schedules and lifestyle preferences. 4 Academic demands, part-time jobs, friends, family, relationships, lectures, and free-time activities may contribute to a delay of sleep. These lifestyle habits and especially the postponement of sleep are suspected to induce irregular sleep patterns. 5 In the American college students, 27% were at risk for at least one sleep disorder, 6 whereas in general population, 20%-30% of young adults reported insomnia symptoms. [6] [7] [8] Prevalence rates for sleep difficulties in students range from 5% to 73%, 5, [9] [10] [11] [12] [13] [14] showing that students are particularly affected by sleep problems. 5, 13, 14 This broad range of prevalence rates is based on a diversity of criteria. Particularly short sleep duration is a risk factor for poor perceived health and persistent psychological distress. 15, 16 Difficulties falling asleep and maintaining sleep are common complaints among university students. 13, 17 The link between sleep and somatic complaints Asai et al evaluated the association between somatic complaints and sleep. In this study, participants with somatic complaints reported significantly more sleep problems as difficulties falling asleep and perceived poor sleep quality. 18 In a longitudinal study, insomnia symptoms were associated with somatic complaints 1 year later. 8 In university students, very late bedtime was predictive for somatoform disorder and lower academic motivation when controlling for sleep quality. 19 Furthermore, patients with irritable bowel syndrome (IBS) often report significantly increased sleep problems, such as poorer sleep efficiency, daytime dysfunction, and prolonged sleep onset latency than healthy controls. 20 Gulewitsch et al found in a German student sample that 16.7% of the 434 students with IBS had trouble falling asleep (n=2399). 1 Patients with severe and moderate symptoms of FD had more sleep-related difficulties compared to a healthy control group. 21 To better understand the pain-sleep relationship, it is necessary to distinguish between different pain syndromes. Headaches during the night or early in the morning are often related to sleep disturbances. 22 Sweileh et al found sleep deprivation and stress to trigger headaches. 23 In addition, in a study by Cho et al, poor sleep quality, insomnia, and daytime sleepiness were significantly more frequent in those reporting headaches, compared to headache-free individuals. 24 Taking into account results from pain research, Finan et al  reviewed 17 longitudinal studies investigating the association  between sleep and pain in different samples (eg, adolescents,  general population, older adults, and patients with chronic  pain) . 25 Studies assessing the unidirectional effect of sleep on future pain indicate that sleep impairments increase the risk and worsen the long-term prognosis for pain. Pain leads to poor sleep quality with prolonged latency falling asleep. Since the pain perception is more intense at nighttime, the sleep disturbing effect accumulates, which in turn leads to prolonged sleep onset latency. 26 Overall, pain leads to a general physiological and psychological activation; therefore, pain can be the cause of disturbed sleep. 27, 28 This results in the reduction of sleep duration and efficiency and in restless sleep because of frequent changes in sleep stage. 23, 29 Findings from studies investigating the bidirectional effects of sleep and pain provide evidence that sleep impairments are a stronger predictor of pain than vice versa. Nevertheless, the direction of causality between sleep impairment and pain has not been conclusively answered. The predominant view that sleep and pain are reciprocally related is supported by large, longitudinal cohort studies with subjective assessments of sleep and pain. Finan et al showed that sleep impairment predicted new incidents and exacerbations of pain. 25 Equally, Brand et al found a bidirectional relation between sleep and pain among Swiss university students. 30 They also stated that other cognitive-emotional processes such as depressive symptoms should be considered while investigating the pain-sleep relationship.
Several studies have shown disconcerting findings with strong associations between non-restorative sleep, somatic pain, depression, and anxiety separately. Sleep quality, depression, and anxiety seem to be strongly associated with one another and so are somatic syndrome, depression, and anxiety. 31, 32 Based on these previous research results, this study developed a theoretical model including all relevant factors influencing somatic complaints in students (Figure 1 ).
Objectives
This study aimed to investigate the relationship between complaints and sleep quality in university students. It was hypothesized that 1) somatic complaints are positively correlated with subjectively poor sleep quality, difficulties falling asleep, and less habitual sleep efficiency. It was also assumed that somatic complaints are negatively associated with total sleep duration and that sleep disturbances and daytime dysfunctioning are predicted by somatic complaints. The 
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Sleep and somatic complaints in university students model on sleep and somatization as shown in Figure 1 was tested. Furthermore, it was hypothesized that 2) the association between somatic complaints and poor sleep quality are negatively associated with depression. Lastly, it was assumed that 3) sleep quality is predicted by a combination of anxiety, depression, and somatization. Somatic syndromes were assessed by using the German questionnaire on Functional Somatic Syndromes (FFSS). 33 The first part refers to the symptom-related screening process on the basis of diagnostic criteria of six selected functional clinical pictures: chronic pelvic pain (CPP), tension-type headache (TTH), globus (hystericus), IBS, FD, and CLBP. According to current frequency of occurrence, the symptoms are rated on a 4-point Likert scale from minimum "never" to maximum "almost always". In a second step, the duration of the symptoms is assessed. FSS was only identified in the absence of a physician diagnosis accounting for the reported symptoms. The results were interpreted using the standard criteria and algorithms of the FFSS. Fischer et al reported good psychometric properties, regarding internal consistency (Cronbach's a=0.94) and retest reliability (r=0.80-0.94). 3 In the present sample, there was high internal consistency (Cronbach's a=0.91).
Methods
Measurements
Pittsburgh Sleep Quality Index (PSQI)
A validated German version of the PSQI 34 (German version 35 ) was used to assess a wide variety of factors related to sleep quality. The PSQI is a 19-item self-rating questionnaire, which differentiates between "good"-and "poor"-quality sleepers. It yields a global score between 0 and 21 by evaluating seven areas retrospectively: 1) subjective sleep quality, 2) sleep onset latency, 3) sleep duration, 4) habitual sleep efficiency, 5) sleep disturbances, 6) use of sleep medications, and 7) daytime dysfunctions. Answers should indicate the most accurate reply for the majority of days and nights over the past 4 weeks. Scoring is based on a Likert scale from minimum score 0 (better) to maximum score 3 (worse). The resulting global sleep quality scores are continuous with high scores (>5) indicating poor sleep quality. The Cronbach's a in this study equals 0.76. This is in line with numerous studies using the PSQI, demonstrating its high validity and high reliability (Cronbach's a from 0.70 to 0.78).
34,35
Patient Health Questionnaire -German Version (PHQ-D)
The PHQ-D 36 (German version 37 ) was used to assess the severity of somatization (PHQ-15), depressive symptoms (PHQ-9), generalized anxiety disorder (GAD-7), panic (15-item panic module), alcohol abuse and stress (10-item stress module). All the modules refer to the occurrence of symptoms over the past 2-4 weeks and are rated on a 4-point Likert scale. Mean scores are calculated for all subscales, and cutoffs for mild, moderate, and severe symptomatology are reported for PHQ-15, PHQ-9, GAD-7, and the stress module. In the present study, the internal consistency is satisfying for all modules (a=0.67-0.89); for alcohol syndrome, the internal consistency is a=0. 43 , whereas previous studies showed Cronbach's a from 0.78 to 0.89. 
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Sample
University students were invited through email circulators to fill out the online survey. Prior to the survey, all students were informed about the purpose and nature of the study. The students had a chance to enter into a raffle at the end of the survey to win one of five rewards (50€ Amazon gift vouchers) as an incentive for participation. By clicking the confirmation button, every student agreed to participate voluntarily. Furthermore, prior to the beginning, they had been informed about the duration (~20 min) and that they can cancel the survey without disadvantages at any time according to the Declaration of Helsinki. The study was approved by Bielefeld University ethics committee. All data were collected anonymously.
Participants
Out of 2676 participants, 2443 students (91.29%) completed the study and were included in the analyses. Among these students, 1587 (65.0%) were female. Their age ranged from 17 to 68 years
Of the total sample, 111 (1.2%) were aged >30 years. The duration of studies was counted in semesters (2 semesters =1 year). The duration of the studies ranged from 1 to 29 semesters (M =5.8 semesters, SD =4.06).
In total, 2443 students were enrolled in ChristianAlbrechts-University Kiel and six students from other universities filled out the questionnaires. Table 1 provides an overview of faculties of the entire university and the study sample.
Data analysis
As part of the classification and diagnostics of clinical pictures by the FFSS, 36 participants with relevant medical differential diagnosis explaining the established symptomatology were not further rated as functional clinical picture. 33 A total of 18 students affected with CLBP, nine with FD, eight students with IBS, and 1 student with globus indicated a relevant medical diagnosis.
Statistical analysis
Data were analyzed using Statistical Package for the Social Sciences (SPSS) Statistics version 21.0 (IBM, Chicago, IL, USA) and IBM SPSS Amos version 22.0. Relationships between variables were assessed by Pearson product moment correlation coefficients, linear regressions, and path models computed using Amos. Independent sample t-tests were conducted for comparisons between men and women, as well as between cases with any FSS and non-FSS cases. In view of the large sample size, the significance level was set at a=0.01 one-tailed for analysis. 38 For fitting the path models, recommendations for a good fit are reported and followed (Table 5 ).
Results
Prevalence rates of FSSs
A total of 369 (15.1%) students reported the occurrence of any FSS. At least one FSS was reported by 312 (12.8%) students, two FSS were found in 53 students (2.2%), and three FSS in four students (0.3%). Independent sample t-test revealed that within this group, women (M =0.18, SD =0.39) were significantly (p<0.01) more likely to report any FSS than men (M =0.09, SD =0.29) (t (2441) =6.239).
Because of the report about relevant medical differential diagnosis explaining the established symptomatology, 36 participants were not further rated as showing a FSS (Table 2 , based on the classification and diagnostics of FSS).
Prevalence of sleep disturbances as measured by the PSQI
Over one-third (36.9%, n=889) of the university students had PSQI scores >5, indicating poor sleep quality. The average bedtime was 12.20 a.m. (SD =105 min) with a sleep onset latency of 34.37 min (SD =34.49 min). On average, participants reported to wake up at 8:00 a.m. (SD =85 min). The mean total sleep time was 7.26 h (SD =1.26 h) per night. Prolonged sleep onset latency (>30 min according to DSM-fifth edition (DSM-5) criteria) for three or more times a week was reported by 21.0% of the students (n=513). Frequent nocturnal awakenings and 
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Sleep and somatic complaints in university students early awakenings three or more times a week were reported by 14.2% (n=347) of the students. The vast majority of participants (83.6%, n=2043) declared that they did not have any trouble sleeping because of pain over the last month.
Prevalence rates of mental disorders measured by the PHQ-D
Students reported a somatoform syndrome with a prevalence of 23.5% (n=574) and alcohol syndrome with a prevalence rate 21.4% (n=523) as the most common syndromes according to the PHQ-D, followed by the major depressive syndrome with 10.4% (n=255) of the 2443 students as indicated in Table 3 . Approximately 9.4% (n=232) were above cutoff for somatoform syndrome and reported major depression at the same time.
Women suffered significantly more often from most of these syndromes (as seen in Table 3 ). Equally, with regard to stress, female students scored higher than men, whereas male students scored significantly higher in alcohol syndrome than female students. No sex differences were found for other symptoms.
Correlations between somatic complaints according to PHQ-D and self-reported sleep quality
Pearson product moment correlation coefficients were computed to assess the relationships between the existence of any FSS, the total PSQI score, and the PHQ-D subscales. (Table 4 ).
Path models
After testing the assumptions for multiple regression models, linear regression models were conducted to predict somatic complaints, since no assumption was violated. No outliers or influential cases were found. As expected, in a multiple regression of FSS and sleep quality, the R² was very weak (R²=0.01); hence, no variance in the outcome was accounted for by the FSS. Table 5 shows the model fit of sleep and somatization model (variables assessed with PSQI and PHQ-15). As the model fit was not satisfying, revisions were made and the revised path model fitted again revealed a good fit (Table 5) . Figure 2 shows the path model. Somatization is influenced by subjective sleep quality, daytime dysfunction, sleep onset latency, and number of sleep disturbances. There is an association of sleep medication and somatization, whereas total sleep duration and sleep efficiency indirectly influence 
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Schlarb et al somatization through subjective sleep quality. PSQI-subscales interact as shown in Figure 2 . A multiple regression model was implemented to test whether the association between somatic complaints (PHQ-15 -somatoform syndrome) and poor sleep quality depends on depression (PHQ-9 -depression) (hypothesis 2). Results indicated that both higher scores in depression and higher scores in somatization were associated with poor sleep quality. Somatic complaints were more strongly related to poor sleep quality for high levels of depression (b =2. 18 Sleep quality scores (PSQI -sleep quality) are shown for low, mean, and high levels of somatization (PHQ-15 -somatization) at the low, mean, and high levels of depression (PHQ-9 -depression) in Figure 3 .
Hypothesis 3 tests whether anxiety (measured by GAD-7 -anxiety) and somatoform syndrome (measured by PHQ-15 -somatization) were predictors of poor sleep quality (measured by PSQI -sleep quality) (Figure 4 ). A path model including depression was tested, showing a sufficient fit (Table 6 ). 
1195
Sleep and somatic complaints in university students
The results suggest a genuine positive relationship between depression and good/poor sleep quality and somatoform syndrome. Anxiety directly influences somatization and depression, whereas sleep quality is indirectly affected through depression severity. It can be concluded that the occurrence of anxiety, depression, and poor sleep quality is a risk for somatoform syndrome.
Discussion
Prevalence of somatic complaints in university students
The prevalence rate of one FSS was found to be nearly one in ten students (12.8%), and the most frequently reported FSSs were IBS, FD, and TTH with prevalence rates of 6.5%, 4.7%, and 4.3%, respectively. These prevalence rates are higher than the prevalence rates observed by Fischer et al in a Swiss student sample (n=3054), with prevalence rates of 0.9% for TTH, 1.3% for IBS, and 1.9% for FD. 3 For IBS, in German student sample, Gulewitsch et al found a relatively high prevalence rate of 18.1%. 1 A possible explanation for these inconsistent findings is different criteria for diagnoses. Fischer et al assessed very strict "red flags" for functional somatic symptoms, which might lead to an underestimation of prevalence rates. 1, 3 More information and objective data are required because of the remarkable high prevalence rate for IBS in different populations as mentioned earlier.
The somatoform syndrome was found in 574 students, that is, 23.5% of the total student sample. In comparison with other German student samples, this prevalence rate is fairly high, since Seliger and Brähler 39 and Bailer et al 2 ascertained (equally assessed by the PHQ-15) only a prevalence rate of 13.4% and 9.1%, respectively. Somatoform syndrome is often seen as an equivalent to the diagnosis of FSS. 3 However, in this study, somatoform syndrome and FSS correlated weakly (r=0.21, p<0.01), and equally only 44.4% of the students having any FSS fulfilled the criteria for somatoform syndrome. These findings underline the need of differentiation between somatoform syndrome and FSS. Somatoform syndrome is a very unspecific diagnosis. FSS as a more descriptive diagnosis can help in the processes of diagnostics and therapy. 40, 41 In the present study, in comparison with students without any FSS, students with FSS showed a significantly higher proportion of somatoform syndrome, generalized anxiety disorders, major depressive syndrome, stress, and poor sleep 
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Schlarb et al quality. These wide range of other impairments were also found by Fischer et al. 3 With regard to sex, differences between the prevalence rates of somatoform syndrome, stress, and alcohol abuse as measured by the PHQ-D were found. This is consistent with the findings from Bailer et al, indicating equally a female preponderance in somatoform syndrome (females: 14.2%, males: 2.8%), whereas reporting a significantly higher alcohol consumption for males (males: 44.0%, females: 19.0%). 2 However, no significant difference in the frequency of depressive symptoms among female and male students was found. Likewise, six other studies could not find any statistically significant sex differences. [42] [43] [44] [45] [46] [47] For stress, Faber et al also found a higher impairment in women. 48 Prevalence of sleep problems in university students
Overall, the results show that poor sleep quality and somatoform syndrome are highly prevalent in university students. In this study, nearly one-third (36.9%) of the students reported poor sleep quality in line with most studies of university students worldwide, reporting prevalence rates of 25%-27%. 6, 49 Solely, 13.5% students endorsed their overall sleep quality as very good, whereas 27.1% indicated their sleep quality as fairly bad and 4.6% as very bad. The average sleep time of 7.26 h is shorter compared to another German student sample, as Schlarb et al found an average total sleep time of 7.6 h, but is in accordance with Ahrberg et al 13, 50 observing total sleep time in their German student sample in the "pre-exam" time. In average, the whole sample had a sleep onset latency of 34.37 min. Based on DSM-5 criteria, >30 min sleep latency may be clinical cutoff for insomnia. The lack of sleep due to insomnia symptoms was profound as students reported much daytime sleepiness, the use of hypnotic drugs and a connection between sleep deprivation and sleeping to learning and working problems. 9, 51, 52, 53 In addition, poor nighttime sleep is associated with daytime sleepiness. 17 Also, global sleep quality was found to be a moderator of alcohol consumption in students. 54 Similarly, Nyer et al found in a college student sample that sleep disturbances were associated with depression and anxiety.
14 A complex pathway is reported regarding a bidirectional relationship of depression, anxiety, and sleep problems. 31 Furthermore, several studies have shown strong associations between non-restorative sleep, somatic pain, depression, and anxiety. 2, 9, 14, 53 The link between sleep, pain, depression, and anxiety
The main purpose of this study was to assess the relationship between somatic complaints and self-reported sleep quality.
The path model on subjective sleep and somatization revealed that somatic complaints are positively associated with subjectively poor sleep quality, difficulties falling asleep, daytime impairments, sleep disturbances, and sleep medication, whereas less habitual sleep efficiency and lower sleep duration only indirectly influence somatization (Figure 2 ). This shows the importance of subjective parameters of sleep rather than more objective ones for somatization. Surprisingly, the existence of any FSS correlated with the total PSQI score only very weakly. It is important to note that path models are able to reveal associations but not causality. However, students having any FSS were significantly more likely to report poor sleep quality than students without any FSS.
Compared to the present study, Elsenbruch et al showed that PSQI subcomponents habitual sleep efficiency, daytime dysfunction, and sleep onset latency were significantly higher in individuals with IBS than in healthy controls. 20 Nevertheless, subjective sleep quality was not significantly associated with IBS. 20 In an experimental design, Affleck et al studied 50 patients with fibromyalgia and revealed that pain intensity of the previous day influences quality of sleep during the following night, which in turn determines the intensity of pain the next day. 55 Interestingly, in the present study, only IBS and reporting the existence of any FSS correlated significantly with poor sleep quality, whereas reporting a single FSS did not. Longer sleep onset latency was found to be a predictor for IBS in a sample of university students, which is also shown by the path model on somatization.
1 Since this study investigated only whether the presence of any FSS is associated with the total PSQI score, future research is required with more in-depth analysis investigating the association between FSS and the components of the PSQI more thoroughly. Somatic complaints were not negatively associated with the total sleep duration, similarly previous research indicated that quality and non-quantity of sleep are related to overall well-being. 5, 17 The association between somatic complaints and sleep quality was significantly stronger for students with high levels of depression, indicating this group of participants being more vulnerable. Beta weights indicate a higher decrease (×2.18) of sleep quality along with more somatic complaints in higher depressed participants.
The path model on sleep quality, somatization, depression, and anxiety shows associations between all variables. Sleep quality, somatization, and depression are directly connected. However, anxiety impacts sleep quality only indirectly via influencing somatization and depression. The model indicated that overall poor subjective sleep quality is a predictor of somatoform syndrome. Nevertheless, it seems that several variables interact. Findings from Brand
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Sleep and somatic complaints in university students et al are congruent with this assumption. They ascertained a bidirectional relationship between sleep and pain in a student sample. 30 Poor sleep may influence the elaboration of pain only indirectly through depressive symptoms, low quality of life, and other factors. Somatic complaints and depressive symptoms on the other hand are often correlated strongly. In longitudinal studies, the association remained bidirectional, likewise in the current sample, comorbidity occurs often and 9.4% were above cuttoff for depression and somatoform disorder. 56 Studies showed that comorbidities are risk factors, in particular somatoform syndrome, depression, and anxiety independently predicted dysfunctional illness behavior (eg, reconfirmation of diagnosis). 57 This study shows that self-reported depression, somatization, and poor sleep quality are positively related. Thereof, negative emotion occurs to play a decisive part. Consistently, in this study, the regression model of depression had a sufficient fit in the relationship between poor sleep quality and somatic complaints. The model of anxiety on the association between sleep quality, somatic complaints, and depression suggests a genuine positive relationship between anxiety and good/poor sleep quality moderated by depression. These findings suggest a significant role of somatic complaints in student's mental health and several other factors as depression, anxiety, and sleep need to be taken into account.
Limitations
Several limitations need to be considered while interpreting the results. First, as mentioned earlier, since most findings are correlational, causal conclusions cannot be made. In order to evaluate the causal relationships, longitudinal data should be assessed. Second, data confirmation of the diagnosis through a laboratory assessment or physical examination would be helpful to ensure diagnosis. Future research could use more detailed subjective instruments like sleep logs and objective data (eg, actigraphy). In addition, analyses more thoroughly across different faculties and degrees might be interesting to see whether distinct schedules and demands influence the association between sleep, somatic complaints, depression, and anxiety. However, others found no significant differences between faculties.
2,58
Conclusion
As this study illustrated, poor sleep quality and somatic complaints are linked. This can become a vicious circle, which students are unaware of and unable to alter. In addition, the association shows a high comorbidity with stress and anxiety and is moreover moderated by depression. Therefore, university students need to know how to avoid sleep problems and somatic complaints that can easily occur as a result of their lifestyle. Universities should provide prevention and early intervention programs especially addressing students field of learning and living (shared flats, exam schedule, etc). It might be helpful if university information centers would encourage students to follow, for example, sleep hygiene practices and structured daily routines. In addition, a specialized prevention and intervention program for students should be developed as this group has special learning and living conditions.
